Abstract. One and two foliar spray and single-drench applications of uniconazole were applied to Eustoma grandiflorum (Raf.) Shinn (lisianthus) 'Yodel Blue' to determine optimal concentrations for potted plant height control. A single uniconazole spray at 10.0 mg·liter -1 applied 2 weeks after pinching, two uniconazole applications at 5.0 mg·liter -1 applied 2 and 3 weeks after pinching, or a drench at 1.60 mg a.i. per pot applied 2 weeks after pinching gave equally good height control. At these concentrations, uniconazole was similar in its effect on plant height to daminozide foliar sprays at 7500 and 2500 mg·liter 
Abstract. One and two foliar spray and single-drench applications of uniconazole were applied to Eustoma grandiflorum (Raf.) Shinn (lisianthus) 'Yodel Blue' to determine optimal concentrations for potted plant height control. A single uniconazole spray at 10.0 mg·liter -1 applied 2 weeks after pinching, two uniconazole applications at 5.0 mg·liter -1 applied 2 and 3 weeks after pinching, or a drench at 1.60 mg a.i. per pot applied 2 weeks after pinching gave equally good height control. At these concentrations, uniconazole was similar in its effect on plant height to daminozide foliar sprays at 7500 and 2500 mg·liter -l applied once and twice, respectively. Drenching with uniconazole at 1.60 mg a.i. per pot did not increase days to flower (DTF), whereas foliar spray applications did. Drenching did not reduce flower size, but increased flower number at time of harvest. Chemical names used: α α -cyclopropyl-α α -(4-methoxyphenyl)-
5-pyrimidinemethanol (ancymidol); butanedioic acid mono(2,2-dimethylhydrazide) (daminozide);(E)-(S)-1-(4-chlorophenyl)-4,4-dimethyl-2-(1,2,4-triazol-1-yl)-pent-1-ene-3-01 (uniconazole).
Hybridized in Japan and returned to its native North America as a cut flower and potted plant (Rob and Lawson, 1984) , lisianthus, or the prairie gentian, "has gained widespread appeal due to its beauty and flower longevity.
Whether lisianthus is best grown as a cut flower or potted plant is debatable. The long, straight stems make lisianthus seem best-suited as a cut flower; however, cut-flower production peaks in the summer and requires a long growing period, factors that limit overall productivity (Halevy and Kofranek, 1984) . As a potted plant, lisianthus is high-temperature tolerant (Tjia and Jierwiriyapant, 1987) , produces long-lasting flowers, and blooms up to 5 weeks (Rob and Lawson, 1984) . Potted plants can also be transplanted into the annual garden (Parke, 1986) . However, lisianthus grows 50 to 75 cm tall (Rob and Lawson, 1984) and must be treated with a growth retardant to produce a quality potted plant.
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Five growth regulators have been reported to be effective for controlling height of potted lisianthus. Ancymidol drench (0.25 and 0.30 mg a.i. per 1.8-liter pot) or foliar spray (66 mg·liter -1 ) and daminozide foliar spray (2500, 5000, or 7500 mg·liter -1 ) have been reported to give good height control of various lisianthus cultivars (Halevy and Kofranek, 1984; Klingaman, 1984; Tjia and Sheehan, 1986; Wobbe and "Campbell, 1986) . Ethephon foliar spray (500 mg·liter -1 ) has also been found to reduce height of lisianthus potted plants (Wobbe and Campbell, 1986) . Paclobutrazol drench (0.20 mg a.i. per 8.9-cm pot) controlled lisianthus height (Adriansen, 1989), whereas chlormequat drenches at 0.09, 0.18, or 0.36 g/10-cm pot (Tjia and Sheehan, 1986) or 0.30 g/15-cm pot (Halevy and Kofranek, 1984) were found to be ineffective. Uniconazole was found to be effective on lisianthus (Tjia and Jierwiriyapant, 1987) , but rates were not reported.
The objective of this research project was to determine the optimal concentration of uniconazole foliar spray and medium drench and to compare the effectiveness of uniconazole with conventional growth retardants for controlling lisianthus plant height when grown as a potted plant.
Seeds of lisianthus 'Yodel Blue' (Ball Seed, West Chicago, Ill.) were sown 22 Jan. 1988 in rows in bedding plant flats containing Jiffy Mix (Jiffy Products of America, West Chicago). The flats were placed under intermittent mist until germination on 2 Feb. When seedlings had developed their third true leaf (7 Mar.), they were transplanted to cell packs (48 cells per flat) containing ProMix BX (Premier Brands, New Rochelle, N.Y.). Seedlings were shaded for 1 week following transplanting. On 20 Apr., four seedlings each were transplanted into 1.8-liter (15-cm diameter) plastic pots in the same medium. Plants were graded for uniformity before transplanting and were pinched manually above the third node on 6 May. Plants were grown in a 24/18C (venting/night temperature set points) glass greenhouse in full sun and fertilized at each irrigation with 20N-4.4P-16.6K with N at 100 mg·liter -1 until final transplanting and 300 mg·liter -1 thereafter.
When axillary shoots had developed to 3.8 to 5 cm (18 May), growth retardant treatments were applied. These included uniconazole applied as a foliar spray at 204 ml of solution sprayed evenly over 1 m 2 of bench space. At treatment time, the plant canopy diameter was 17.8 cm and therefore each pot received a spray volume of ≈ 5 ml. Concentrations of uniconazole included 0, 2.5, 5.0, 10.0, and 20.0 mg·liter -1 applied once or twice with the second application occurring 1 week following the first (25 May). Other uniconazole treatments were applied in a 125 ml/pot medium drench at 0, 0.20, 0.40, 0.80, or 1.60 mg a.i. per pot. Ancymidol treatments were 66 mg·liter -1 foliar spray to runoff and 0.25 mg a.i. per pot drench applied in 178 ml water per pot. The different volumes were used to conform to label recommendations. Treatments with daminozide were foliar spray to runoff at 7500 mg·liter -1 applied once and 2500 mg·liter -1 applied twice at a 1-week interval. All drench treatments were applied coincidentally with the initial foliar spray treatments, but on separate plants. Plants were harvested 24 weeks after sowing (29 June) at the scheduled time (20 to 25 weeks after sowing) required to produce a marketable crop according to commercial guidelines (Ball Seed).
Data taken at harvest included plant height calculated as the average height of the four plants per pot determined by cutting the stem at medium line and measuring from the cut end to the stem apex. Other growth measurements included total leaf and plant fresh weight and plant dry weight of all plants within a pot. Fresh weight measurements were made gravimetrically immediately after harvest and dry weights followed 72 hr at 80C. Days to flower (DTF) was determined as the number of days from seed sowing until the first flower within a pot opened, i.e., the corolla flared, exposing pistil and stamens. Flower and bud number and petal length were measured on each plant within a pot and the measurements averaged together. Flower number was a count of all open flowers and bud number was all unopened flowers (corolla twisted and petal apices touching). Petal length was measured from the base of the receptacle to the apex of the petals. The experiment consisted of 19 treatments using 10 One-pot replicates and a completely randomized design. Data were subjected to one-way analysis of variance and single-degree-of-freedom contrasts were conducted for appropriate comparisons. Analogous controls were included in the trend analysis as zeros. Orthogonal polynomial coefficients were obtained from a 1978). Variables where measurements were taken per plant were analyzed similarly using plants as subsamples and pots within treatments as the error term. The experiment was a modified (i.e., with the addition of a wider range of concentrations) replication of a 1987 experiment in which similar results were obtained.
Growth retardant treatments reduced plant height compared to controls (Table 1 ). The height of plants treated with either a single foliar spray or drench of uniconazole decreased quadratically with increased concentration. With two spray applications the trend was cubic. Daminozide exceeded ancymidol in retarding plant height. Based on the standard 1.5 to 2 times the container height guideline used to produce a quality plant (Sachs et al., 1976) , plant height should be 22.5 to 30.0 cm in a 15-cm pot. Plant heights following uniconazole foliar sprays at 10 and 20 mg·liter -1 applied once or 5 and 10 mg·liter -1 applied twice or drench application at 1.60 mg a.i. per pot did not differ from those following daminozide treatments as determined by t tests conducted between pairs of means. The only exception was that two foliar spray applications of uniconazole at 10 mg·liter -1 reduced height compared to one application of daminozide at 7500 mg·liter -1 (t = 2.15, P = 0.05). All uniconazole application methods resulted in linear trends of decreasing fresh weights with increasing concentration (Table  1) . Reductions in dry weights were linear with increasing concentration for single foliar spray and drench applications, and cubic for 2-spray applications. Daminozide-treated plants did not differ in fresh weight but had decreased dry weight compared to ancymidol-treated plants. Leaf fresh weight was not affected by growth retardants (data not shown).
DTF responded linearly to uniconazole as a single foliar spray or as medium drench application, with DTF increasing with increasing spray concentration but decreasing with increasing drench concentration ( Table  1) . The response was quadratic with twospray applications. A uniconazole drench at 1.60 mg a.i. per pot reduced DTF relative to the control, but lower concentrations did not. Daminozide treatments delayed DTF compared to ancymidol treatments.
One-spray uniconazole applications did not influence the number of flowers or buds (Table 1). Two uniconazole spray applications linearly decreased flower number but increased that of buds as concentration increased. Conversely, increased concentrations of uniconazole drench treatments resulted in a linear increase in flower number and a decrease in bud number. Ancymidol-treated plants had more flowers and fewer buds than daminozide-treated plants.
Petal length tended to be reduced linearly with increased foliar spray concentrations when uniconazole was applied once (Table  1) . The trend was cubic with two-spray applications and quadratic with uniconazole drenches. High drench rates did not reduce petal length compared to controls. Daminozide treatments reduced petal length compared to ancymidol.
Uniconazole was an effective growth retardant for controlling plant height of lisianthus. From the results of this experiment, uniconazole spray application at 10.0 mg·liter -1 applied once, or 5.0 mg·liter -1 applied twice or drench application at 1.60 mg a. i. per pot is recommended. Concentrations of 20.0 mg·liter -1 applied once and 10.0 mg·liter -1 applied twice gave good height control and were more effective than the lower concentrations in preventing lodging, but were considered excessive because reduction in peduncle length caused undesirable crowding of flowers. Uniconazole foliar sprays were more effective than medium drenches in reducing overall size of lisianthus plants as measured by fresh and dry weight.
Uniconazole foliar sprays at the higher concentrations tested delayed DTF of lisian-thus plants, whereas drenching did not; the high drench concentration actually hastened blooming by ≈ 4 days. Growth retardants have indirectly influenced flowering by retarding vegetative growth of other floricultural crops (Larson, 1985) . Growth retardants promote flower bud initiation in some crops and flower bud development in others (Larson, 1985) .
Delayed DTF with reduced petal length of foliar spray-treated plants relative to those exposed to the drench may indicate that uniconazole sprays affected cell elongation and/or division during flower development to a greater extent than when the chemical is applied to plant roots by drenching.
Another opposing effect of uniconazole drench and spray application was the effect on flower and bud number. Plants treated with a drench had more flowers and fewer buds as concentration increased. The opposite was true with two foliar spray applications. This effect may have been due to earlier maturity (as measured by DTF) of the drenched plants since all treatments were harvested the same day. However, flower and bud number of plants that received one uniconazole foliar spray did not' differ significantly from those of the controls even though they were delayed in DTF.
The uniconazole concentrations recommended as above were similar in their effect on plant height to daminozide. These, in turn, more effectively controlled height than ancymidol. However, ancymidol did not delay flowering or reduce flower number and size to as great an extent as daminozide. Tjia and Sheehan (1986) did not find a delay in flowering with ancymidol or daminozide treatments. Halevy and Kofranek (1984) found that ancymidol advanced flowering 10 days and daminozide delayed flowering when plants-were grown at 13C, but not at 18C. In another study, daminozide and ancymidol both delayed flowering 10 to 14 days (Wobbe and Campbell, 1986) . These diverse responses, possibly due to geographical area and cultivar specificity, necessitate adequate testing of growth retardants when recommendations for growers are developed.
